Based on the Biot's equations for poroelastic media and the decoupling of fast and slow longitudinal waves, the authors obtain the fundamental Green's functions in the frequency domain for the solid and fluid phases subjected to a buried point load. The numerical results on drained displacement, drained pore pressure and the flux are presented in this paper via Somigliana's integral and Hankel transformation. As an application, the drained flux due to vibroflotation in ground treatment in saturated soil is discussed in detail.
Introduction
Saturated soil is generally described as a poroelastic medium by scientists and engineers [1] [2] [3] [4] [5] [6] and thus dynamic theory in a poroelastic medium is important. While Huang and Zhang [7] used the integral transformation to attack the nonaxisymmetric Lamb's problem [7] , Philippacopoulos [8] obtained the solutions of the Lamb's problem in a two-phase saturated medium via decomposition of the potential functions. Jin and Liu [9] derived the three-dimensional dynamic response of the poroelastic half-space subjected to a buried point force. In previous studies of poroelastic problems, the drainage issue is ignored. However, water drainage in saturated soil occurs when a shock load is applied. A similar drained phenomenon can also be observed in pile driving and vibroflotation during ground treatment.
In this paper, by decoupling the fast and slow longitudinal waves in Biot's poroelastic equation, authors derive the corresponding Green's functions of the solid phases and the fluid phases for the saturated half-space subjected to a buried point load in the frequency domain [10] [11] [12] [13] . Then by applying drained Somigliana's integral associated with the Hankel transformation [10, 11] and ignoring the radial displacement, the drained results from vibroflotation in ground treatment have been obtained, including the drained displacement, drained pore pressure and flux. Representative figures are presented and discussed.
We should point out that the solution obtained does not include irreversible deformation of the soil during vibroflotation in ground treatment and that the radial displacement is also ignored for simplicity. While these two issues will be addressed in the future, the results could be useful in analyzing the dynamic response with drainage in liquefaction, the drained properties of dynamic response for various kinds of foundations in the saturated soil, and the interaction of traffic loading and the roadbed in the saturated soil.
Dynamic equations and solutions
Biot's dynamic equations of a poroelastic medium under axisymmetric deformation and in the frequency domain can be written as [8, 9] :
where 1  and 2  are the velocities of fast and slow longitudinal waves respectively; (1) e and (2) e the divergences of the displacements of the fast and slow longitudinal wave respectively; and Then, by applying the zero-order Hankel transformation to Eqns (4-1) and (4-2), we can obtain the following two equations:
Then, from [14] , the solution of Eqns. (5-1) and (5-2) can be written as follows:
(1) 
From Eqn. and also considering Eqn. (6), we obtain [14, 15] 
where Thus, the displacement of the fluid phase can be derived as
The corresponding expressions of the effective stress and pore pressure can be deduced as follows:
(2 ) 
where zrw t is the effective shear stress corresponding to the stress component zr t , w P is the pore pressure and zw  denotes the effective normal stress in the z-direction (vertical).
Boundary and interface conditions
Considering a saturated poroelastic half-space, we divide it into two parts as shown in Fig The radiation condition of the waves can be expressed as 
( 
where
The Green's functions and the Somigliana's integration
By substituting Eqns. (13)- (21) into Eqns. (9)- (11), we can determine the nine coefficients as in [3, 12] and [13] . Hence, we eventually obtain the Green's functions for a saturated poroelastic medium. Then, by the inverse Hankel's transform, the Green's functions can be expressed as: For the solid phase
For the fluid phase Fig. 2 , where we can find that the maximum value of soil displacement z u  in the undrained condition is larger than that in the drained case. Fig. 3 illustrates that the (Figs.10 and 14) . Thus, the total response can be obtained by Duhamel's integral formula, i.e.: The drainage flux at ( 1 r m  , 0 h  ) vs. time when the force is applied at a depth of 2m below the surface. We first assume that the vibration load of the vibroflot is stimulated by a sine function F = F 0 sin (t) with the magnitude F 0 = 10KN (Fig. 10) and it is located at a depth of 2m below the surface. Shown in Fig. 11 is the drainage rate on the surface at r=1m for a period. It is observed that the maximum drainage rate is 5.57L/s. The drainage flux at the same period is shown in Fig. 12 with the maximum being 18.58 L . Fig. 13 shows the corresponding result for 10 min. where the maximum is 70.40 L .
The vibration load of the vibroflot can be also stimulated by the rectangular periodic function with magnitude F 0 = 10KN (Fig. 14) also located at a depth of 2m below the surface. The drainage rate on the surface at r=1m for a period is shown in Fig. 15 with the maximum rate being 5.67L/s. The drainage flux is shown in Fig. 16 for a period with the maximum being 15.18 L and Fig. 17 for 10 min. with the maximum being 86.68 L . Figure 10 :
The sinusoidal periodic load for vibration simulation of vibroflot. 
Conclusion
The Green's functions of a poroelastic medium in the solid phase and fluid phase subjected to a buried load are derived and applied to estimate the drainagerelated issues for in saturated soil, with special application of vibroflotation in ground treatment. We point out that since the drained computation in this paper is derived by based on the Biot's equation and dynamic Darcy's law, the irreversible deformation effect of the vibroflotation is not accounted for. Additionally, the assumption on the axisymmetric deformation and further on neglecting the radial displacement may not be reasonable in ground treatment with vibroflotation. Nevertheless, the model presented in this paper may be useful in geotechnical engineering and geodynamics where drainage is involved.
